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ABSTRACT
L ev e ls  of fre e  p la sm a  p ro g e s tin  du ring  v a rio u s  p h ases  o f the 
e s tro u s  cycle in  the golden h a m s te r  w ere  d e te rm in e d  u sin g  the 
H o o k e r-F o rb es  b io -a s s a y  and m ice  of the S w iss-a lb in o  s tr a in  
(R ockland F a rm s )  co n firm ed  to  be sen sitiv e  to  0. 0002ja g . of p r o ­
g e s te ro n e . A  to ta l of 88 n o rm a l cy c lic  h a m s te r s  se rv e d  a s  b lood  
donors during  e s tr u s ,  e a r ly  d ie s tru s ,  m id -d ie s tru s  and  la te  d ie s tru s .  
P h a se s  of the cycle w ere id en tified  f ro m  vaginal s m e a rs ;  the e s tru a l  
condition  w as co n firm ed  b y  o b se rv a tio n  of a c tu a l copu la tion . F ive  
hundred  and fo rty  u te rin e  segm en ts  w ere  u tiliz ed  in  assay in g  the 
p la sm a  and e x tra c ts  of p la sm a  in  o il sa m p le s .
A co n cen tra tio n  of as m u ch  as  0. 3 to  1. 2 jag. of p ro g e s tin  
p e r  cc . of blood p la sm a  w as d e tec ted  a t  p re -o v u la to ry  e s t r u s .  D uring  
the  24 p o s t-e s tru a l  h o u rs  th is  le v e l d ropped to  0. 03j i g .  o f p ro g e s tin  
p e r  cc . of p la sm a , which lev e l w as m a in ta in ed  du rin g  m id -d ie s tru s  
and  la te  d ie s tru s . T h ere  ap p e a rs  to  be no s ig n ifican t r i s e  o r  fa ll 
during  the d ie s tru a l p h ases  of the  cy c le . If the co rp u s lu teu m  of the  
d ie s tru a l  in te rv a l is  functional, i t  is  c e r ta in ly  functional a t  a  low  
le v e l of ac tiv ity . The so u rce  of the  p ro g e s tin  du ring  p re -o v u la to ry  
e s tru s  as  w ell as during  the d ie s tru a l  phases  re q u ire s  fu r th e r  in ­
v es tig a tio n . The a d re n a ls  cannot be excluded a s  a  p o ss ib le  so u rc e .
vi
INTRODUCTION
P e rh a p s  the f i r s t  su b s tan tia l ev idence th a t the o v a ry  p ro d u ces  
an  in te rn a l  s e c re tio n  w hich  g overns the  phenom enon of e s t r u s  should  
be a ttr ib u te d  to  K nauer (1900). A lthough a tro p h y  of the u te ru s  fo llow ­
ing re m o v a l of the  o v a r ie s  h ad  b een  o b se rv e d  m uch  e a r l i e r ,  p ro o f 
th a t  the e ffec t is  m ed ia ted  b y  th e  b lood s tr e a m  r a th e r  than  v ia  the 
n e rv o u s  sy s te m  la y  in  the  ex p e rim en ts  of th a t  in v e s tig a to r , who 
show ed th a t the  u te ru s  and  sec o n d a ry  se x  c h a ra c te r is t ic s  re m a in  u n ­
a l te r e d  follow ing au to tra n sp lan ta tio n  of the o v a r ie s .
S tudies b y  D oisy , _et a l .,  (1924) d e m o n s tra ted  the p re se n c e  of 
a  ho rm one in  the o v a rian  fo llic le s  of sw ine, ca ttle  and  w om en.
T h ese  w o rk e rs  show ed th a t a  s e r ie s  of th re e  subcutaneous in jec tio n s  
of e x tra c ts  of o v a r ie s , fo ll ic le s ,  o r f r e s h  liq u o r fo llicu li induced  fu ll 
e s t r u s  g row th  in  the  t is s u e s  o f the g e n ita l t r a c t  of the  r a t .  A llen  and  
D oisy  (1924) lik ew ise  d e m o n s tra te d  th e  p re se n c e  of a  ho rm one in  the 
liq u o r fo llic u li of the hog by inducing p reco c io u s  sex u a l m a tu r i ty  in  
im m a tu re  fem ale  r a ts  fo llow ing in jec tio n  of e x tra c ts  of the liq u o r. A  
s e r ie s  of in v estig a tio n s  b y  C o rn e r  (1928) and  by  C o rn e r and  A llen  
(1929, 1930) e s ta b lish e d  beyond doubt th a t, in  the ra b b it, the co rpus 
lu teu m  is  an  o rg an  of in te rn a l  s e c re t io n . In th ese  in v estig a tio n s  e x ­
t r a c t s  of c o rp o ra  lu te a  of sw ine, in jec te d  in to  re c e n tly  sp ayed  adu lt
-1 -
2ra b b its  o r  in to  im m atu re  ra b b its  w hose u te r i  had  been  b ro u g h t to  the 
m a tu re  r e s t in g  s ta te  b y  in jec tio n s  of e s tro g e n , induced a lte ra tio n s  of 
the  en d o m etriu m  c h a ra c te r is t ic  of p regnancy . T hese w o rk e rs  fu r th e r  
d e m o n stra ted  th a t, i f  fem ale  ra b b its  a r e  m a te d  and th en  c a s tra te d  
e ig h teen  h o u rs  l a te r  w hile fe r t i l iz e d  ova a re  s t i l l  in the fa llo p ian  
tu b e , e x tra c ts  of c o rp o ra  lu te a  su b stitu te  fo r the rem o v ed  o v a rie s  so 
co m p le te ly  th a t em b ry o s  becom e im p lan ted , n o u rish ed , and  m a in ­
ta in e d  u n til fu ll te rm . The p re se n c e  of a  functional co rp u s  lu teu m  
in  p reg n an cy , pseudopregnancy , and  in  the n o rm a l cycle in  an im als  
exh ib iting  a  d is tin c t lu te a l phase has s in ce  b een  d em o n stra te d  in  a  
nu m b er of sp ec ie s  b y  v a rio u s  e x p e rim en ta l techn iques.
The co rpus lu teu m  of ovulation in  an im als  lack ing  a  d is tin c t 
lu te a l phase  (hence w ith  a  s h o r t d ie s tru a l  in te rv a l)  com m anded co n ­
s id e ra b ly  le s s  a tten tio n  in  e a r ly  in v estig a tio n s  than  did the  co rp u s  
lu teu m  of p regnancy , pseudopregnancy , o r  the co rpus lu teu m  of 
an im als  w ith  a  d is tin c t lu te a l p h ase . The id ea  th a t the co rp u s lu teu m  
of ovulation  in  the m ouse is  nonfunctional u n less  cau sed  to  becom e 
p e r s is te n t  by  s te r i le  copulation , p reg n an cy  o r lac ta tio n  (P a rk e s  and 
B e lle rb y , 1927) is  ty p ica l of the e a r l ie r  concep ts  advanced. D eansley
(1938) s ta te s  th a t the c o rp o ra  lu te a  of ovulation  in  the h a m s te r ,  which 
exh ib its  a  fo u r-d ay  e s tro u s  cy c le , develop ra p id ly  a f te r  ru p tu re  of 
the fo llic le  and soon becom e so lid . He supposed  th a t the co rpus
3lu teu m  of ovulation  m u s t be fu n c tio n less  b ecau se  the changes in  the 
a c c e s s o ry  o rg an s  com m only  a s so c ia te d  w ith  the  lu te a l phase of the 
cycle  a re  found on ly  in  p seudopregnancy  and  p regnancy , in  h a m s te r s .
D esp ite  la c k  of in ten siv e  in v estig a tio n  co n sid e rab le  p h y s io ­
lo g ic a l, h is to lo g ic a l and  e x p e rim e n ta l ev idence in d ica te s  p ro g e s tin  
p ro d u c tio n  in  m am m als  p r io r  to  ovulation . The fa c t th a t  h ea t in  the 
g u inea  pig (D em psey , e t  jd .  , 193:6), in  the r a t  (B oling and B landau, 
1939), in  the m ouse (R ing, 1944), and  in  the  h a m s te r  (F ra n k  and  
F r a p s ,  1945; K ent and  L ib e rm a n , 1949) is  induced by  the sy n e rg is tic  
ac tio n  of e s tro g e n  and p ro g e s te ro n e  su g g ests  lu te a l a c tiv ity  and  p r o ­
duction of p ro g e s ta tio n a l horm one a t the tim e  of co rp u s lu teu m  
fo rm a tio n  o r  e a r l i e r .  It is  no tab le  th a t lu te a l t is s u e  has  been  dem on­
s tr a te d  in  the fo llic le s  of the sh re w  (van d e r  H o rs t  and  G illm an , 1940) 
p r io r  to  ovulation . C e r ta in  lu te a l- lik e  changes have b een  d e tec ted  in  
the  w alls  of p re -o v u la to ry  fo llic le s  in  the m a re  (S eaborn , 1925), 
m ouse (A llen , 1941), pocket gopher (M ossm an , 1937), porcupine 
(M ossm an , 1940), r a t  (B oling, e t  a l . , 1941), c a t (D aw son and 
F ried g o o d , 1940), and  in  the b a t (W im satt, 1944).
E v idence of an e x p e rim en ta l n a tu re  a tte s tin g  to the p ro b a b ility  
th a t p ro g e s tin  is  p roduced  p r io r  to  ovulation  m ay  be found in  the e x ­
p e r im e n ts  of R eynolds and  F r ie d m a n  (1930), who d e m o n stra te d  a  d e ­
c r e a s e  in  rh y th m ic a l u te r in e  co n trac tio n s  c h a ra c te r is t ic  of h e a t
4b etw een  the  fifth  and e igh th  h o u r a f te r  copulation  in  the ra b b it. By 
the  tim e  of ovulation , o r  even  b e fo re , the u te ru s  w as co m p le te ly  
q u ie sc en t. I t  w as la te r  shown (R eynolds and  A llen , 1932) th a t  in je c ­
tio n s  of p ro g es te ro n e -c o n ta in in g  e x tra c ts  of sw ine c o rp o ra  lu te a  
in h ib it the u te r in e  m o tility  p re v io u s ly  induced  b y  in trav en o u s in je c ­
tio n  of th ee lin . A dditional ev idence is  p ro v id e d  b y  p o sitiv e  B itte r lin g  
o v ip o sito r re sp o n se s  (ind ica tive  of the  p re se n c e  of p ro g e s tin s )  to  
fo llic u la r  flu id  of the cow and sow  (Duyvene de W it, 1938, quoted 
fro m  Young, 1941). B oling , B a rto n  and  H u rr  (1940) fu r th e r  show ed 
th a t  ex p e rim e n ta l in jec tio n s  of e s tro g e n  in  spayed  fem ale  r a t s  induced  
s te a d y  E M F 's  c h a ra c te r is t ic  of the beginning of h e a t, w h ereas  in je c -  t  
tio n s  of e s tro g e n  follow ed b y  p ro g e s te ro n e  induced  f lu c tu a tio n s  s im ila r  
to  th o se  w hich ap p ear during  h e a t. E v e re t t  (1943) show ed th a t  sing le  
d o ses  of 0. 5 -1 . 0 m g . of p ro g es te ro n e  induced  ovulation  du ring  the 
f i r s t  two o r  th re e  days of e s tru s  in  p e r s is te n t  e s tru s  r a t s .  A stw ood
(1939) o b se rv ed  th a t the w a te r con ten t of the r a t 's  u te ru s  ro se  to  a  
m ax im u m  sh o rtly  b e fo re  cy c lic  p ro e s tru s ,  fe ll  a b ru p tly  w ith the f i r s t  
ap p earan ce  of c o rn if ie d 'c e lls  in  the vag inal s m e a r ,  and  re a c h e d  a 
m in im u m  a t  about the tim e  of ovulation. The conclusion  th a t th is  d e ­
c r e a s e  in  w a te r con ten t w as the r e s u l t  of the s e c re tio n  of p ro g e s tin  
b y  the  p re -o v u la to ry  fo llic le  was b a se d  on the e x p e rim en ta l o b s e rv a ­
tio n  th a t the in jec tio n  of e s tro g e n  in v a r ia b ly  re s u l te d  in  a  m a rk e d
5in c re a s e  in  the t is s u e  flu id , and  th a t th is  in c re a s e  could  be in h ib ited  
b y  p ro g e s te ro n e  in jec tio n s .
W ith the  p e rfe c tio n  of b io -a s s a y  m ethods of re a so n ab le  a c ­
c u rac y , a  new  ap p ro a ch  to  h o rm o n a l d e te rm in a tio n s  was m ade p o ss ib le . 
N ot only could  the  p re se n c e  of a  horm one be a s c e r ta in e d , b u t, in  som e 
c a s e s ,  an  e s tim a te  of th e  am ount of ho rm o n e  p re s e n t  could  be m ad e .
A  tho rough  rev ie w  of the a s s a y s  av a ilab le  fo r  d e tec tio n  of the h o r ­
m ones of the co rp u s  lu teu m  is  p re se n te d  b y  E m m en s  (1950). Of 
h is to r ic a l  s ig n ifican ce  is  the  C o rn e r  and  A llen  t e s t  fo r p ro g es tin s  
(1929), using  p ro life ra tio n  of th e  u te r in e  en d o m etriu m  of the  e s tro g e n -  
p r im e d  ra b b it  a s  a  te s t  m ed iu m . A lthough the  a s s a y  a s  o rig in a lly  
d ev ised  could  n o t be re a d ily  ad ap ted  fo r  the p u rp o se  of a c c u ra te  
m e a su re m e n t, n e a r ly  a l l  r e s e a r c h  lead in g  to  the d e te rm in a tio n  of 
p ro g e s tin s  u til iz e d  m o d ifica tio n s  of th is  tech n iq u e .
The o b se rv a tio n  h a s  b ee n  m ade independen tly  s e v e ra l  tim e s  
th a t  the s tro m a l n u c le i of p reg n an t m ice  u te r i  a re  d iffe re n t f ro m  the 
n u c le i of c a s t r a te s .  H o o k e r 's  p re l im in a ry  ex p e rim e n ts  (1940, 1945) 
show ed th a t the en d o m etriu m  of the m ouse ex h ib its  an  a p p a ren tly  
sp ec ific  n u c le a r  re sp o n se  to p ro g e s te ro n e . A  sy s te m ic  dose of 
0 .125  m g. of p ro g e s te ro n e  e lic ite d  th is  re sp o n se ; b u t i t  w as la te r  
found th a t v e ry  sm a ll am ounts of p ro g e s te ro n e  in je c ted  in to  the lum en  
of the u te ru s  e lic ite d  the re sp o n s e , i .  e . , a  c o n cen tra tio n  of 0. 00 0 2 /ig .
6p e r  0. 0006 cc . of t e s t  so lu tion  (H ooker and  F o rb e s , 1947). S pecifi­
c a lly , the a s s a y  d ev ised  b y  H ooker and  F o rb e s  c o n s is ts  o f in jec tion , 
b y  m ean s  of m ic ro b o lt ac tio n  on a  sy rin g e , of 0. 0006 cc . o f te s t  
so lu tio n  in to  a  5 m m . lig a te d  seg m en t o f the u te r in e  h o rn  of a  young 
ad u lt m ouse of a  h igh ly  im b re d  s tr a in  o v a rie c to m iz ed  s ix teen  days 
e a r l i e r .  The an im al is  au to p sied  fo r ty -e ig h t h o u rs  a f te r  in jec tio n  
and  the  u te r in e  h o rn  is  rem o v ed , fixed , sec tioned , and  s ta in ed , and 
the s tro m a l n u c le i o b se rv e d  m ic ro sc o p ic a lly . U nder th e se  conditions 
the m in im a l e ffective  dose of p ro g e s te ro n e  is  0. 0002 jug. The c r i t e r i ­
on fo r  a  p ositive  re sp o n se  is  the tra n s fo rm a tio n  of d en se , fu s ifo rm , 
s tro m a l n u c le i w ith c lum ped  ch ro m atin  and no d is tin c t n u c leo li, 
c h a ra c te r is t ic  of the c a s tra te  a s s a y  an im al, in to  p lum p, oval n ucle i 
w ith  conspicuous nu c leo li and  fin e , even ly  d isp e rse d  ch ro m a tin .
Any b io -a s s a y  of value m u s t be c h a ra c te r iz e d  b y  sp e c ific ity  
o f re sp o n se . H ooker and F o rb e s  (1949b, 1954) se le c te d  a  g roup  of 
com pounds w hich w ere  esqpected to  o ccu r in  the  b lood, those e x ­
p ec te d  to  be p r e c u r s o r s  o r  m e tab o lite s  of p ro g e s te ro n e , and  those 
com pounds having a  m o le cu la r  s tru c tu re  s im ila r  to  p ro g e s te ro n e . 
T h ir ty - th re e  su ch  com pounds w ere  te s te d . Two of th e se  com pounds 
dup lica ted  the ac tio n  of p ro g e s te ro n e  on the s tro m a l n u c le i. The p o s i­
tiv e  re sp o n se  evoked b y  6 .1 4 4 /ig .  of A11-p ro g e s te ro n e  is  n o t of 
p ra c t ic a l  s ig n ifican ce , s in ce  o n e -h a lf  th is  am ount ( s t i l l  re la tiv e ly
a  huge quantity) fa ile d  to  evoke a  p o s itiv e  re sp o n se . P e a r lm a n 's  
Com pound X , iso la te d  f ro m  the b ile  of p reg n an t c a tt le ,  evoked a  
p o s itiv e  re sp o n s e . P e a r lm a n  and C erceo  (1948) d id  n o t iden tify  
Com pound X . The ex ten t to  w hich i t  d iffe rs  f ro m  p ro g e s te ro n e  and 
the p o ssib le  s ig n ifican ce  of the d iffe ren ce  re m a in  u n c le a r . D esoxy- 
c o r tic o s te ro n e  ac e ta te  and  te s to s te ro n e  p ro p rio n a te  a d m in is te re d  
s y s te m a tic a lly  in  la rg e  d oses d u p lica ted  the ac tio n  of p ro g e s te ro n e  
upon the en d o m etriu m ; b u t when a d m in is te re d  to p ica lly  the fa ile d  to  
give a  p o sitiv e  re sp o n s e , suggesting  the co n v e rs io n  of a  f ra c tio n  of 
the  su b cu tan eo u sly  in je c te d  com pounds in to  p ro g e s te ro n e  r a th e r  th an  
the p o s s ib ili ty  of p ro g e s ta tio n a l a c tiv ity  being an in h e re n t p ro p e r ty  of 
the two com pounds.
Salhan ick , _et a l. , (1951) so m e tim es  ob tained  fa lse  negative 
re sp o n se s  w hen a ssay in g  the p ro g e s te ro n e  con ten t of m onkey and 
r a t  s e r a  u s in g  the H o o k e r-F o rb e s  techn ique . In th e se  in s ta n c e s  i t  
w as su sp e c ted  th a t  co n s id e rab le  am ounts of e s tro g e n  w ere  p re s e n t  
in  the s a m p le s . In o rd e r  to  t e s t  the p o s s ib ili ty  of a  b locking  ac tion  
o f e s tro g e n , th e se  w o rk e rs  a ssa y e d , w ith the H o o k e r-F o rb e s  
techn ique , g ra d e d  am ounts of a lp h a  e s tra d io l  com bined  w ith  co n ­
s ta n t am ounts of p ro g e s te ro n e  in  se sa m e  o il and in  m am m alian  
R in g e r 's  so lu tio n . Solutions contain ing  e s tra d io l  and  p ro g e s te ro n e  
in  r a t io s  of 1:200 o r  p ro p o rtio n a lly  m o re  e s tra d io l  gave negative  
r e sp o n s e s . It w as concluded th a t  e s tro g e n s  b lo ck  the ac tio n  of 
p ro g e s te ro n e  on the s tro m a l n u c le i. Z a rro w  and N eher (1951,
81953) p e r fo rm e d  s im ila r  e x p e r im e n ts . T hey  found th a t  e s tr a d io l  
b lo ck ed  the re a c tio n  a t  a  r a t io  of 1:20, e s tro n e : a t  a  ra t io  of i : l ,  and  
th a t  e s t r io l  fa ile d  to  b lo ck  a t  a  r a t io  of 60:1. The b lock ing  ac tio n  w as 
show n in  th is  esqperim ent, a s  in  th a t  of S alhan ick , _et a l . , to  depend 
on th e  ra tio  of e s tro g e n  to  p ro g e s te ro n e , and no t on the abso lu te  
am ounts of e i th e r .  It should  be fu r th e r  no ted  th a t c irc u la tin g  e s tro g e n  
is  n o t e s tra d io l ,  b u t p ro b ab ly  e s tr io l ,  bound to  a  p ro te in  (R o b erts  and 
S zego , 1946). T h is e s tro g e n  is  m u ch  le s s  ac tive  th an  e s tra d io l ,  a s  has  
b e en  shown b y  m any  in v e s tig a to rs , and  i t  has  no an tag o n istic  ac tio n  to  
p ro g e s te ro n e  a t  a  ra t io  of s ix ty  p a r ts  of e s t r io l  to  one p a r t  o f p ro g e s ­
te ro n e . C o u r r ie r  (1950) has  rev iew ed  the  an tagon ism  of e s tro g e n  and 
p ro g e s te ro n e  and  show ed th a t i t  o ccu rs  in  a  wide v a r ie ty  of o rg a n s .
R e p o rts  o f p ro g es te ro n e  con ten t of blood, s e ru m , o r  p la sm a  
d u rin g  the p re -o v u la to ry  phase of the  cycle  a re  r a r e .  N eher and  
Z a rro w  (1950, 1954) r e p o r t  2. 0 /ig . to  0. 3^ig. of p ro g e s te ro n e  p e r  cc . 
of s e ru m  a t  e s tru s  in  the  ew e. No re fe re n c e  was m ade as  to  w hether 
ovulation  had  o c c u rre d , b u t th e se  au th o rs  s ta te  th a t p ro g e s tin  was 
p r e s e n t  during  the e n tire  e s tro u s  cycle and  su g g ested  i ts  p re se n c e  in  
the b lood  in  the ab sen ce  of the co rp u s  lu teu m . T hese  r e s u l ts  a re  in  
a c c o rd  w ith the findings of F o rb e s ,  H ooker and P f ie ffe r  (1950a) and 
B ry an s  (1951) th a t  p ro g e s te ro n e  is  p re s e n t  in  the  c ircu la tin g  b lood 
d u rin g  the  fo llic u la r  p hase  of the m e n s tru a l cycle in  m onkeys, and  in
9a c c o rd  -with the  w ork  of F o rb e s  (1950, 1951) on the hum an being , bu t 
no t in  a c c o rd  w ith  the fa ilu re  to  fin d  p ro g e s te ro n e  in  the b lood  of p r e g ­
nan t w om en (H ask in s , 1950; B u tt, e t  a l . , 1951) and  in  th e  p e r ip h e ra l  
b lood  of nonpregnan t co w s, m a r e s ,  ew es, sow s (E d g a r, 1953). F r a p s ,  
H ooker and F o rb e s  (1948) r e p o r t  the  p re se n c e  of 0. 3 jug. o f p ro g e s ­
te ro n e  p e r  cc . of p la sm a  in  the ovulating  hen . F r a p s ,  _et a l . , (1949), 
using  the  H o o k e r-F o rb e s  a s s a y  m ethod , have show n p ro g e s te ro n e  to  be 
p re s e n t  in  re p ro d u c tiv e ! /  q u ie sc en t hens and  cocks in  the am ount of 
0 .3 3  jug. p e r  cc . of p la sm a . F o rb e s  (1948) re p o r te d  the p re se n c e  of 
5 jig . o f p ro g es te ro n e  p e r  cc . of p la sm a  in  the m ouse a t  tim e  of im ­
p reg n a tio n .
E d g a r  (1953), using  a  ch em ica l a s sa y , found the f lu id  f ro m  
the m a tu re  G raa fian  fo llic le  of the cow  to  con ta in  3 jug. of p ro g e s te ro n e  
p e r  cc . In the sow  he found 8 /ig . of p ro g e s te ro n e  p e r  c c . of flu id . 
T hese find ings a re  in  v e ry  c lo se  a g re e m e n t w ith  the e a r l i e r  w orks of 
H ooker and F o rb e s .
R ecen tly , F o rb e s  (1953), using  the H o o k e r-F o rb e s  a s s a y  
m ethod , d e te rm in e d  p ro g e s te ro n e  le v e ls  of the p e r ip h e ra l  b lood of 
ra b b its  a f te r  m atin g , and follow ing in jec tio n s  of gonadotrophins a t 
in te rv a ls  of m in u te s , h o u rs , o r  d ay s . M axim um  p ro g e s te ro n e  le v e ls  
in  sam p les  d raw n during  the f i r s t  3 o r  4  h o u rs  w ere  0. 3 -0 . 8 jug. p e r  
c c . of p la sm a  fo r e ig h t of the m a te d  a n im a ls , and 1 .1 -3 .9  jug. p e r  cc.
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of p la sm a  fo r sev en  in jec ted  sp ec im en s . F r e e  p ro g es te ro n e  a p p e a le d  
an  av e rag e  of 100 m in u tes  a f te r  m ating  and 64 m inu tes  a f te r  in tra v e ­
nous a d m in is tra tio n  of gonadotrophins, thus p rov id ing  d ire c t ev idence 
th a t  the ra b b it  s e c re te s  p ro g e s te ro n e  p r io r  to  ovulation. Z a rro w  and 
N eher (1955) r e p o r t  a  range of 0 .3  to  1. 0 yug. p ro g e s tin  p e r  cc . of 
s e ru m  a t  the tim e  of m ating  in  the ra b b it.
No da ta  a re  availab le  concern ing  the p ro g es te ro n e  con ten t of 
p la sm a  during  the e s tro u s  cyc le  of la b o ra to ry  an im als  exhib iting  a  
s h o r t  d ie s tru a l  p e rio d . Since the u ltim a te  re so lu tio n  of the questions 
of c o n tro ls , an tag o n ism s, and  sy n e rg ism s  of ho rm ones of the co rp u s 
lu teu m  -will p ro b ab ly  r e s u l t  f ro m  ex p e rim en ts  u tiliz ing  com m on 
la b o ra to ry  a n im a ls , i t  seem ed  th a t knowledge of the p la sm a  p ro g e s tin  
le v e ls  of the h a m s te r  during  the n o rm a l cycle would be of value . The 
p re s e n t  s tudy  w as th e re fo re  u n d ertak en  w ith th re e  questions in  m ind: 
(1) Is p la sm a  p ro g e s tin  p re s e n t  du ring  the p re -o v u la to ry  phase  of 
the  cycle ? (2) W hat am ount of f re e  p ro g e s tin  is in  the p la sm a  during  
e s tr u s ,  e a r ly  d ie s tru s ,  m id -d ie s tru s  and la te  d ie s tru s ?  (3) Is th e re  
a  d is tin c t p o s t-o v u la to ry  in c re a se  in  p ro g e s tin  ind icating  an active  
lu te a l  phase  in  the e s tro u s  cycle  of the golden h a m s te r?
The H o o k e r-F o rb e s  a s s a y  technique h a s  s e v e ra l  d isadvan tages 
su ch  as tim e  and la b o r  re q u ire d , the m an ife s ta tio n  of an  a ll-o r -n o n e  
re sp o n se  w hich n e c e s s ita te s  the use of a  s e r ie s  of d ilu tions o r
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co n cen tra tio n s  in  o rd e r  to  p ic k  out the sam ple  contain ing  the m in i­
m al effective  quantity , the acq u is itio n  of a  h igh  le v e l of sk ill  in  
a s se s s in g  the sec tio n s  of the u te r in e  t e s t  seg m en t, and the  in h ib ito ry  
ac tio n  of e s tro g e n s  u n d er c e r ta in  cond itions. H ow ever, in  v iew  of 
the h igh  le v e l of s e n s itiv ity  and sp e c ific ity , the  wide v a r ie ty  of m a te r ­
ia ls  w hich can  be te s te d , the  low  c o s t of t e s t  an im a ls , and  the sm a ll 
space  r e q u ire d  fo r th e ir  housing , th is  b io -a s s a y  technique was 
ch osen  in p re fe re n c e  to  o th e r tech n iq u es fo r  the d e te rm in a tio n  of f re e  
p ro g e s tin  in  the p la sm a  of the  golden h a m s te r  du ring  the e s tro u s  
cy c le .
M ATERIALS AND METHODS
Two h u n d red  and  e ig h ty -th re e  ad u lt fem ale  m ice  of the R ockland  
F a rm s  Sw iss -a lb ino  s t r a in  w ere  em ployed  in  the p re s e n t  in v estig a tio n . 
A t the tim e  of o v a riec to m y  the m ice  w ere  65 to  79 days of age and  
w eighed f ro m  22 to  30 g ra m s . The o rig in a l s to ck  w as ob ta ined  fro m  
R ockland  F a r m s , R ockland  Comity, N ew  Y ork. A dditional te s t  
an im als  w ere  r e a re d .  Young m ice  w ere  w eaned a t  about th re e  and 
one -h a lf  w eeks of ag e , and  s is te r  l i t te rm a te s  w ere  p laced  in  s e p a ra te  
c ag es . M em b ers  o f the oolony of a s s a y  m ice  (w hich u su a lly  included  
about 300 in d iv id u als), as w ell as  the te s t  a n im a ls , w ere  m a in ta in ed  
on a  d ie t of P u r in a  Dog Chow, oats  and w a te r  supp lied  ad  l ib itu m .
M em b ers  of the  above s tr a in  ap p a re n tly  exh ib it no p e c u l­
ia r i t ie s  in  re sp o n se  o r  s e n s itiv ity  to  p ro g e s te ro n e . T e s ts  of s e n s i ­
tiv ity  of the a s s a y  an im a ls  w ere  m ade p r io r  to  the e x p e rim en t, and 
w ere  v e r if ie d  during  the co u rse  of the e x p e rim en t, b y  in jec tin g  f ro m
3. 0 ^ig. to  0. 00006 ^ ug. of p ro g e s te ro n e  in  o il (E li L il ly  and C o .) into 
the m ice  to  be te s te d  (T able  1). P r e s e n t  d a ta  co n firm  the o b s e rv a ­
tions of Z a rro w  (q. v . , page 7) and O lsen , S alhan ick  and H isaw  (1952) 
th a t an im als  f ro m  the  R ockland F a rm s  S w iss-a lb in o  s tr a in  a re  
sen s itiv e  to  0. 0002 yug. of p ro g es te ro n e  p e r  0. 0006 cc . of te s t
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so lu tion . * In view  of the o b se rv a tio n s  o f H ooker an d  F o rb e s  .(q. v. , 
page 6), and  Z a rro w  and  N eher (q . v . , page 7), and  S alhan ick , e t  a l .t , 
(q .v .  , page 7), no te s t s  w ere  conducted  on the  e ffec ts  of r e la te d  
s te ro id s .  H ow ever, o b se rv a tio n s  w ere  m ade ofithe e ffec ts  of c a s t r a ­
tion , of in jec tio n  of se sam e  o il a lone, and  of lig a tio n  of a  seg m en t 
w ithout in jec tio n , on the s tro m a l n u c le i. T hese  o b se rv a tio n s , w ith 
the excep tion  of lig a tio n  of the seg m en t w ithout in jec tio n , have been  
su g g ested  b y  the au th o rs  of the a s s a y  a s  p re re q u is ite  to  any  study  
u tiliz in g  the a s sa y .
B ila te ra l  o v a riec to m y  of the m ice  w as p e rfo rm e d  u sin g  a  
sing le  abdom inal in c is io n  under N em butal (sod ium  p en to b arb ita l)  
a n a e s th e s ia . The N em butal w as p re p a re d  p e r io d ic a lly  a s  an  aq u e ­
ous so lu tio n  con tain ing  20 m g. p e r  c c . of the so lu tion . The am ount 
in jec ted  fo r a n a e s th e s ia  was a p p ro x im a te ly  0. 09 m g. p e r  g ra m  of 
body w eight. This am ount u su a lly  induced  com plete  re la x a tio n  fo r 
about an  h o u r. A ll o b serv ab le  e ffec ts  o f a n a e s th e s ia  w ere gone by  
the end  of th re e  o r fo u r h o u rs . The o v a rie s  su rro u n d ed  b y  c o n s id e r ­
able ad jacen t fa t, the fa llo p ian  tu b es , and  2 to  3 m m . of the  ad jacen t
* In v iew  of the a p p a re n t d isc re p a n c ie s  of b io lo g ica l and 
ch em ica l findings the id en tity  o f the su b s ta n c es  a s sa y e d  b y  the 
H o o k e r-F o rb e s  b io -a s s a y  is  u n c e rta in . The p ro g e s te ro n e  lik e  
ac tiv ity  of the p la sm a  h as  been  s ta n d a rd iz e d  a g a in s t p ro g e s te ro n e  
and w ill be r e f e r r e d  to  in  th is  r e p o r t  a s  p ro g e s tin s .
u te rin e  h o rn s  w ere  rem o v ed . B leed ing  w as co n tro lled  b y  placing , 
h e m o sta ts  on the  o v arian  a r te r ie s  and  a t  the tip s  of the u te r in e  h o rn s . 
E ven  though the m ouse a p p e a rs  to be h igh ly  r e s i s ta n t  to  b a c te r ia l  in ­
fec tio n , the a r e a  of the in c is io n  was sp rin k le d  lig h tly  w ith su lfa ­
d iaz in e . S ep ara te  nylon su tu re s  w ere  p laced  in  the m u sc le s  an d  in 
the sk in  of the an im al. It w a s .u n n e c e ssa ry  to  rem o v e  subsequen tly  
the sk in  s u tu re s , .since the m ice  r e g u la r ly  rem o v ed  th em , so m e tim es  
as  e a r ly  a s  the second  p o s t-o p e ra tiv e  day. The su tu re s  of the  m u sc u ­
l a r  w all of the abdom en w ere  le f t  in  s itu .
E x a c tly  s ix teen  days a f te r  o v a riec to m y  a s sa y  m ice  w ere  again
a n ae s th e tiz ed  and  p re p a re d  fo r  in jec tio n . The u te rin e  h o rn  w as
d e liv e re d  th ro u g h  a  sing le  m id v e n tra l in c is io n  lo c a te d  p o s te r io r  to
the in c is io n  u se d  fo r  o v ariec to m y , and  a  nylon lig a tu re  w as p laced
n e a r  the  c ra n ia l  end  of the h o rn . C a re  was tak en  to exclude f ro m  the
lig a tu re  the la rg e  v e s se ls  w hich co u rse  in  the m e so m e tr iu m  p a ra l le l
to  the u te ru s . A t le a s t  two overhand  knots w ere  tied , using  lig h t
2te n s io n  in  each  c a s e . A  second  lig a tu re  em ploying the sam e p r e ­
cau tions w as p lac ed  5 m m . caudal to  the f i r s t ,  using  a  s in g le , lo o se , 
overhand  knot. A fte r m aking  c e r ta in  th a t the need le  w as f ille d  w ith
2
L ig h t ten sio n  w as em ployed  since  segm en ts  t ie d  tig h tly , 
a s  o r ig in a lly  su g g ested  b y  the au th o rs  of the a s sa y , in v a ria b ly  
cau sed  sw elling  and negative re sp o n s e s .
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the flu id  to  be in je c ted , the h o rn  w as g ra sp e d  b y  fo rc e p s  about 3 m m . 
cau d al to  the p o s te r io r  l ig a tu re , and  the n eed le  w as in s e r te d , b ev e led  
s ide  up, in to  the u te r in e  lum en  im m ed ia te ly  c ra n ia l  to  the fo rc e p s  
and  pushed  fo rw a rd  a lm o s t to  the a n te r io r  l ig a tu re . The d e s ire d  
volum e of flu id  w as th en  d isch a rg ed  in to  the h o rn , a f te r  w hich the 
h o rn  was w ithdraw n f ro m  the n eed le . D uring  w ithdraw al of the h o rn  
su ffic ien t ten s io n  w as m ain ta in ed  on the th re a d s  to  p roduce a  con ­
s tr ic t in g  angle in  the h o rn . In o rd e r  to  m a in ta in  ten s io n  while re m o v ­
ing the  h o rn , th re e  hands w ould have b een  re q u ire d . T h e re fo re , a  
holding device fo r  the sy rin g e  w as c o n s tru c ted . The use  of th is  
dev ice  m ade p o ssib le  the m ain tenance of s lig h t te n sio n  on the th re a d s  
w hich w ere  h e ld  w ith fo rce p s  du ring  the w ithd raw al of the u te r in e  
h o rn  f ro m  the n eed le . A t le a s t  two o v erh an d  knots w ere  again  tied .
The an im a l was k illed  48 h o u rs  a f te r  in jec tio n  and  the in jec ted  
u te r in e  seg m en t was rem o v ed  and fix ed  in  L avdow sky 's  flu id  
(W illiam  and H odges, 1943), a  fixa tive  w hich, acco rd in g  to  H ooker 
and  F o rb e s  (1947), c au ses  a  m in im u m  of sh rin k ag e . S ections w ere  
cu t s ix  m ic ro n s  in  th ick n ess  and  s ta in e d  w ith  H a r r i s ' hem atoxy lin .
The "A gla" m ic ro m e te r  sy rin g e  (F ig . 1) was developed  a t 
the W ellcom e R e s e a rc h  L a b o ra to r ie s , B eckenham , K ent, E n g lan d , 
fo r  use  in  e x p e rim en ta l techn iques re q u ir in g  the in jec tio n  of v e ry  
s m a ll  vo lum es of flu id . It c o n s is ts  of a  c a lib ra te d , a l l - g la s s ,
F ig . 1. ."Agla" m ic ro m ete r syringe and m eta l ho lder.
hypoderm ic  sy rin g e  w hich is  h e ld  in  position  b y  a  r ig id , m e ta l h o ld e r. 
A  m ic ro m e te r  s c re w  gauge o p e ra te s  the p lu n g er. T his sy rin g e  is  e s ­
se n tia lly  s im ila r  to those  u sed  by  H ooker and  F o rb e s  and  o th er 
au th o rs  em ploying the a s sa y . One com plete rev o lu tio n  of the m ic ro ­
m e te r  h ead  advances the p lunger 0 .5  m m . , d e liv e rin g  a  volum e of 
0. 01 m l. of flu id . The to ta l g rad u a ted  tra v e l  of the m ic ro m e te r  
(50 rev o lu tio n s  of 25 m m .) thus d e liv e rs  a  volum e of 0. 5 m l. The 
p e r ip h e ra l  sca le  of the m ic ro m e te r  h ead  is d ivided in to  fif tie th s  of 
a  rev o lu tio n . E a c h  u n it on th is  sca le  c o rre sp o n d s  to  a  volum e of 
0. 0002 cc . B y tu rn in g  the m ic ro m e te r  h ead  th ro u g h  th re e  of the 
p e r ip h e ra l  d iv is io n s , one can in je c t 0 .0006  cc . , the am ount r e ­
q u ire d  fo r the b io -a s sa y .
The two sy rin g e s  u sed  w ere  c a lib ra te d  by filling  the 
sy rin g e  w ith m e rc u ry  and  d e liv e rin g  and weighing num erous 
m e a s u re d  q u an tities  of m e rc u ry . It w as found th a t b y  tu rn in g  the 
m ic ro m e te r  h ead  th ro u g h  th re e  of the p e r ip h e ra l  d iv isio n s one 
sy rin g e  ac tu a lly  d e liv e re d  0.000590 c c . ; the o th e r sy rin g e  d e liv e re d  
0. 000612 cc .
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The e ig h ty -s ix  fem ale  h a m s te r s  u sed  in  th is  e x p e rim e n t w ere  
of L .S . U. s to ck  and, fo r the m o s t p a r t ,  h ad  r e a r e d  one l i t t e r .
Tw elve p e r  cen t of the h a m s te r s  w ere  young ad u lt v irg in s . A ll 
an im a ls  w ere  caged  ind iv idually  an d  m a in ta in ed  on P u r in a  Dog Chow, 
o a ts , le ttu c e  and w a te r supp lied  ad  lib itu m . A t the  tim e  b lood  
sam p les  w ere  tak en  no h a m s te r  u sed  w as younger than  2-1/2 m onths 
of age o r  o ld e r th an  7-1/2 m onths of age . O ver e ig h ty  p e r  c e n t of the 
an im als  u sed  w ere 4 -6  m onths of age . T hey  ran g ed  in  w eight f ro m  
76 to  132 g ra m s . E ig h ty  p e r  c en t of the an im a ls  u sed  w ere  80-105 
g ra m s  in  w eight. In  a ll  c a s e s ,  f r e s h  u n s ta in ed  vag ina l s m e a rs  w ere 
o b se rv e d  n igh tly  betw een  6 P . M .' and  8 P .  M . du ring  a t le a s t  two con ­
secu tiv e  cy c les  p r io r  to co llec tio n  of b lood  fo r  a s sa y . A n im als  show ­
ing an  i r r e g u la r i ty  in  the e s tro u s  cycle w ere  d isc a rd e d . A n im als  
f ro m  w hich e s tr u a l  b lood  sam p les  w ere  d raw n  w ere  a lso  te s te d  fo r 
m atin g  re sp o n se s ; and  as  soon a s  the fem ale  ex h ib ited  p sy ch ic  e s tru s  
the b lood sam p le  w as co llec ted . No e s tru a l  b lood  sam ple  w as draw n 
e a r l i e r  than  6:40 P .M . o r  l a te r  th an  10:10 P .M . (C h a rt 2). A c c o rd ­
ing to  the o b se rv a tio n s  of W ard (1946), th e se  sam p les  r e p re s e n t  a  
p re -o v u la to ry  phase in  the cy c le .
Since the a s s a y  m ethod  allow s the u se  of s e ru m , p la sm a , o r 
sa lin e  d ilu tions th e re o f  (H ooker and  F o rb e s ,  1947), and  s in ce  th e  use 
of p la sm a  seem ed  to  be the m o s t exp ed ien t m ethod , in itia l  te s ts  w ere
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conducted  on p u re  p la sm a  and s e r ia l  d ilu tions (0 .9%  NaCl) th e reo f. 
B lood sam p les  (u su a lly  about 3. 5 c c . ) w ere  tak en  fro m  the p o s t­
cav a l v e in  w ith a  5 -c c . sy rin g e  and a  20-gauge, 1-1/2 -in c h  n eed le . 
The sy rin g e  con ta ined  0. 07 cc . of 40% sodium  c i tra te  as  an  a n ti­
coagu lan t. S am ples w ere  p ro m p tly  cen trifu g ed  fo r  30 m in u tes  a t 
3000 R FM r A fte r  p la sm a  sam p les  w ere  s e p a ra te d  fro m  the packed  
c e lls  s e r ia l  d ilu tions w ere  p re p a re d  and a ssa y e d . T hese  in itia l  te s t s  
p ro v ed  negative  ind ica ting  a  n eed  fo r  co n cen tra tin g  the p ro g e s tin  p e r  
u n it volum e as  co m p ared  w ith the o rig in a l p la sm a  co n cen tra tio n .
The m ethod  u sed  by  H o o k er, F o rb e s , Z a rro w , and  o th e rs  
to  s e p a ra te  and  co n cen tra te  the p ro g e s tin s  is  a  m o d ifica tio n  of the 
m ethod  u sed  b y  Szego and  R o b erts  (1947) to  s e p a ra te  p ro te in -b o u n d  
e s tro g e n s . T h is  m odifica tion  w as u sed  in  the p re s e n t  in v estig a tio n . 
The p la sm a  sam p les  ob ta ined  a f te r  cen trifu g a tio n , u su a lly  2 cc . , 
w ere  added  d rop  by d rop  while co n stan tly  s t i r r in g  to  ap p ro x im a te ly  
10 vo lum es of acetone a t  3°C in  o rd e r  to  p re c ip ita te  the p ro te in s .^
A fte r  having re m a in e d  a t  3°C overn igh t the  so lu tion  was 
qu ick ly  cen trifu g ed  and decan ted . The p ro te in  p re c ip ita te  was
^  The acetone w as p la ce d  in  50 cc . e r le n m e y e r  f la sk s , and 
the te m p e ra tu re  red u ced  b y  p lac in g  the  f la sk s  in  a  r e f r ig e r a to r  a t  
3°C . In o rd e r  to  m a in ta in  th is  low  te m p e ra tu re  w hile dropping the 
p la sm a  in to  the ace to n e , i t  w as found n e c e s s a ry  to  p lace the e r le n ­
m e y e r  f la sk s  in  b e a k e rs  lin ed  w ith p ap e r  o r  b a g a s s . T his a s s u re d  
only  m in im a l changes in  te m p e ra tu re .
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w ashed  3 t im e s  w ith  a  1:1 m ix tu re  o f co ld  acetone and e th e r .  A fte r  
e a c h  w ashing and d ecan ta tio n  the p ro te in s  w ere  r e tu rn e d  to  the 
r e f r ig e r a to r  fo r  r e  coo tin g  to  a p p ro x im a te ly  3°C b efo re  fu r th e r  -wash­
in g . The p re c ip ita te  w as tig h tly  capped  and  no t a llow ed to  d ry . A t 
e a c h  w ashing the p ro te in  p re c ip ita te  was re su sp e n d ed . The w ashings 
w ere  com bined  w ith  the su p e rn a tan t and a  m e a s u re d  volum e of 
s e sam e  o il was added. The p ro te in  p re c ip ita te , w hich con ta ins 
tw o -th ird s  of the e s tro g e n s  (Szego an d  R o b e rts , 1946) and  ap p ro x i­
m a te ly  te n  p e r  c en t of the to ta l p ro g e s te ro n e  (H ooker and F o rb e s  
1949a, E d g a r  1953), w as d isc a rd e d . The acetone and  e th e r  w ere  
th en  rem o v ed  by  d is tilla tio n  tinder d im in ish ed  p re s s u re  p ro v id ed  by  
a  w a te r vacuum  pum p. M ost of the w a te r re m a in e d  and w as la te r  
s e p a ra te d  f ro m  the o il contain ing  the f re e  p ro g e s t in .^  Since the r e ­
m ain ing  o n e - th ird  of the e s tro g e n s  a r e  hyd ro p h ilic  and a re  ap p a ren tly  
of an  e s te r  type (Szego and R o b e rts , 1946), th ey  a re  e lim in a ted  along 
w ith  the w a te r  follow ing cen trifu g a tio n . It h as  b een  shown by H ooker 
an d  F o rb e s  th a t  sam p les  p re p a re d  in  the above d e sc r ib e d  m an n e r 
a s s a y  p ra c t ic a l ly  id en tic a lly  w ith  whole blood, ra w  p la sm a , o r  se ru m ,
® W hether o r  no t th is  f ra c tio n  is  t ru ly  'f r e e ' p ro g e s tin  is  u n ­
c e r ta in . I t  is  p o ssib le  th a t a l l  p ro g e s tin  is  bound to  a  p ro te in , m o s t 
of i t  so lo o se ly  th a t the m ethods em ployed  w ould n o t d is tin g u ish  i t  
f ro m  'f r e e ' p ro g e s tin . F o r  convenience th is  f ra c tio n  is  r e f e r r e d  to  
a s  'free* . The f ra c tio n  re q u ir in g  r ig o ro u s  h y d ro ly s is  to  f re e  i t  
f ro m  the p ro te in  is  r e f e r r e d  to  as 'bound1 p ro g e s tin .
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a s  to  f re e  p ro g e s tin  con ten t.
U sing the fo rego ing  techn ique i t  w as p o ssib le  to co n cen tra te  
p ro g e s tin  p e r  un it volum e of o il as  co m p ared  w ith  the o r ig ina l  co n ­
c e n tra tio n  p e r  u n it volum e of p la sm a . It w as so m e tim es  n e c e s s a ry  
to  pool the a c e to n e -e th e r  e x tra c ts  f ro m  s e v e ra l  b lood  sam p les  in  
o rd e r  to  p re p a re  v e ry  co n cen tra ted  s a m p le s . The e x tra c ts  w ere  
s to re d  a t  3°C u n til th ey  could  be com bined  and p re p a re d  in  the u su a l 
m a n n e r .
D is tilla tio n  tim e  v a r ie s  d ire c tly  p ro p o rtio n a te ly  to  the volum e 
to  be d is ti l le d  and  in v e rse ly  a s  the te m p e ra tu re . The tim e  re q u ire d  
w as re d u ced  by  im m e rs in g  the  c la ise n  d is tilla tio n  f la sk  in  a  lu k e ­
w a rm  w a te r  b a th . S ince the bo iling  po in t o f acetone o r e th e r  is  low, 
an d  e x tre m e ly  lo w  u nder vacuum , l i t t le  w arm th  w as n eeded  to  in ­
c r e a s e  the ra te  of d is tilla tio n . E ven  w ith th is  techn ique , fin a l t r a c e s  
of acetone (w hich a re  v e ry  d isc e rn ib le  by  sniffing) a re  rem o v ed  slow ly. 
A  40 cc . sam p le , one of the s m a lle s t ,  u su a lly  re q u ire d  2 to  3 h o u rs  
fo r  com plete  d is tilla tio n .
The o rig in a l le v e l of co n cen tra tio n  of p ro g e s tin  p e r  cubic 
c e n tim e te r  of p la sm a  w as low; th e re fo re , in  o rd e r  to  p re p a re  sam p les  
w hich w ould give p ositive  re sp o n se s , the am ount of se sam e  o il added 
to  any  sam p le  of a c e to n e -e th e r  e x tra c t  w as sm a ll. The lo s s e s  in  the 
150 cc. c la ise n  d is tilla tio n  f la sk , in  the p ipe tte  u sed  to w ithd raw  the
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o il sam ple  th e re fro m , in  the 3 -c c . cen trifu g e  tube u se d  in  c e n tr ifu ­
ga tion  of the w a te r -o il  m ix tu re , and  in  the  m ic ro  p ip e tte  u se d  to  
w ith d raw  the o il f ro m  the su rfac e  of the w a te r , p rev en te d  the re c o v e ry  
of a  s izeab le  p o rtio n  of the o r ig in a l volum e of s e sam e  o il added. The 
fin a l sam ple  of p ro g e s tin  in  o il was v e ry  sm a ll. In m o s t in s tan c e s  
s e r i a l  d ilu tions w ere fe a s ib le  only w ith sa m p le s  p re p a re d  f ro m  
b lood  draw n during  e s tr u s .
RESULTS
S en s itiv ity  of R esponse  of M ouse S tra in  E m ployed
I t has b een  shown b y  v a rio u s  w o rk e rs  th a t  m ice  of the Sw iss - 
a lb ino  s tr a in  (R ockland F a rm s )  a re  se n s itiv e  to  0. 0002 j ig .  of p ro g e s ­
te ro n e  p e r  0. 0006 cc . of s e sa m e  o il. In the p re s e n t  in v estig a tio n  
a  co n cen tra tio n  of 0. 0002 jug. of p ro g e s te ro n e , o r  m o re , p e r  0. 0006 
c c . of s e sa m e  o il c o n s is te n tly  evoked p ositive  n u c le a r  re sp o n se s  
(T able 1). Of tw elve u te r in e  seg m en ts  in je c te d  w ith  0. 0002 jxg.  of 
p ro g e s te ro n e , nine exh ib ited  p o sitiv e  n u c le a r  re sp o n s e s . Of the  n ine 
giving p o sitiv e  re s p o n s e s , s ix  w ere  in je c ted  follow ing the  s ta n d a rd  
in te rv a l of tim e  and a ll  s ix  gave p o sitiv e  re s p o n s e s . T h is  is  in  good 
a g re e m e n t w ith  the findings of Z a rro w , who r e p o r ts  (p e rso n a l co m ­
m unication) n in e ty  p e r  cen t p o sitiv e  re sp o n se s  u nder s im ila r  c ir c u m ­
s ta n c e s . T hese  s e n s itiv ity  ex p e rim en ts  ind ica te  th a t m ice  of the 
S w iss-a lb in o  s tr a in  p o s se s s  a  s e n s itiv ity  to  p ro g e s te ro n e  co m p arab le  
to th a t of the CHI s t r a in  u sed  b y  the au th o rs  of the a s sa y . Z a rro w  
and N eher (1951, 1954) and  O lsen , e t  a l . , (1951) . re a c h e d  a  s im ila r  
co n clu sio n  b efo re  e lec tin g  to  em ploy  the R ock land-S w iss s tra in .
The in jec tio n  of 0. 0002 jxg. of p ro g e s te ro n e  o r m o re  into the 
lu m en  of the u te ru s  of the c a s tra te  m ouse re s u l te d  in  the en la rg em e n t
-22-
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Table 1. R esponse  f ro m  a s sa y s  desig n ed  to  d e te rm in e  
m ouse s tr a in  em ployed.
s e n s itiv ity  of
A . M ic ro g ram s  of ' 
P ro g e s te ro n e  
p e r  0. 0006 cc .
I .D . 1 No. of In jec tions 
o r
U terin e  Segm ents
R esp o n ses^
3 .00000 19 3 m
0.00500 19 4 / / / /
0 .00043 35 3 / / /
0.00043 16 8 / / / / / / / -
0 .00024 16 6 M M
0.00021 35 4 / / / -
0 .00020 19 5 U —
0.00020 16 7 M M t
0.00015 16 6
0.00006 16 6
B . C on tro ls
L ig a ted  Segm ent 16 10
S esam e O il 16 10
O v a r  ie  ctom iz e d 16 10
1* I. D . r e f e r s  to the in te rv a l betw een  o v a rie c to m y  and 
in jec tio n .
2. E a c h  /  o r  — r e f e r s  to  the re sp o n se  of one ind iv idual 
te s t  seg m en t.
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T able  U. A ssa y  re sp o n se s  e lic ite d  b y  p ro g e s tin  sam p les  of vary ing  
co n cen tra tio n s  and d ilu tions p re p a re d  f ro m  e s tr u a l  blood.
D ilu tion  (D) I. D. * A ssa y  H our Sam ple N um bers of
o r  C oncen- R esp o n ses^  T aken  ( P .M .)  D onors^
t r a t io n  (X)____________________________________________________________
15X 16 m m 8:00-8:20 137; 1405146
15X 16 m m m - 9:20-9:40 190;192;205
12X 20 m m 8:00-8:20 125;133;145
12X 16 a n 8:00-8:20 125;133;145
10X 16 m m 6:40-6:50 113;116
8X 17 m m 8:00-8:20 153;154;156
6X 16 m m m - 7:45-8:00 127;155;158
4X 16 m m m 7:50-8:10 106;138;159
2X 17 m a n 9:30 110
2X 16 m - 8:50 227
1.5X 16 t m m 7:45-8:00 168;169
1.3X 16 m a ­ 8:30-8:45 161;167
IX 16 m a - 9:00-9 :15 164; 174
IX 16 m m 9:35 103
P la s m a 16 10:10 219
2D 16 — 9:00-9:15 164; 174
3D 16 8:50 227
4D 16 9:00-9:15 164;174
4D 16 m i 7:50-8:10 106; 138;159
5D 16 — 8:30-8:45 161;167
8D 16 9:00-9:15 164; 174
10D 16 10:10 219
1. See ex p lan a to ry  note 1, Table I.
2. See ex p lan a to ry  note 2, T ab le  I.
3 . B lood  pooled  to p re p a re  sam p le .
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of th e  s tro m a l n u c le i (F ig s . 3, 4 ), w hich a s su m e d  a  sm ooth , s lig h tly  
e longated , oval o u tlin e . The c h ro m a tin  p a r t ic le s  w ere  fine and  
ev en ly  d is tr ib u te d , and  th e  n ucleo lus w as co n sp icu o u s. A ll th e se  
conditions m u s t be  m e t b e fo re  the re sp o n se  is  co n s id e re d  p o s itiv e .
It is  n e c e s s a ry  to  d is tin g u ish  b e tw een  s tro m a l n u c le i and  the n u c le i 
of th e  g lan d u lar ep ith e liu m . The la t t e r  n u c le i a r e  re c o g n iz e d  as  b e ­
longing to  the  u te r in e  glands b y  exam in ing  a d jacen t s e r ia l  s e c tio n s .
A bsence of R esp o n se  in  C o n tro l M ice
N ucle i w ith  a  sh ru n k en  fu s ifo rm  a p p e a ran ce , w ith  c lum ped  
ch ro m a tin , and  w ith  no reco g n izab le  nucleo lus a r e  c h a ra c te r is t ic  of 
the c a s tra te  condition  (F ig . 2). It h as  b een  show n th a t  16 days is  the  
m in im a l in te rv a l  a f te r  o v a riec to m y  in  w hich a ll  the  e n d o m e tr ia l 
s tro m a l n u c le i of the m ouse w ill ex h ib it the fu ll c a s t r a te  condition  
(H ooker and F o rb e s , 1947). A ll u te rin e  seg m e n ts  of c a s t r a te ,  un in ­
je c te d  m ice  e x c ise d  on the 16th p o s t-o p e ra tiv e  day  w ere  negative  
(T ab le  I).
S esam e o il alone in jec ted  tinder a s s a y  conditions fa ile d  to 
evoke p o sitiv e  re sp o n se s  in  c a s t ra te  m ouse u te r i  (T able  I). A lthough 
the n u c le i w ere  p e rh ap s  s lig h tly  e n la rg e d , the c h a ra c te r is t ic  p o sitiv e  
re a c tio n  to  p ro g e s te ro n e  was n o t evoked in  any of th ese  u te r i  (F ig . 5). 
U te rin e  seg m en ts  fro m  c a s tra te  m ice  lig a te d  in the u su a l m an n er bu t 
w ithout in jec tio n  a lso  fa ile d  to  show  p o sitiv e  re sp o n se s  (T able I).
1>.... J fc, vFIG-2
T
I *
(%
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P h o to m ic ro g rap h s  (X 1225) of ty p ic a l sec tio n s  of e n d o m e tria  of m ice  
o v a riec to m iz ed  16 days p rev io u sly .
F ig . 2. No in jec tio n  (16 day  p o s t-o p e ra tiv e  condition). The 
s tro m a l n u c le i a re  sh ru n k en  and have clum ped ch ro m a tin .
F ig . 3. A fte r  the in jec tio n  of 0 .0002 j ig.  of p ro g e s te ro n e  
in to  the lu m en  of the u te r in e  seg m en t. A  c h a ra c te r is t ic  s tro m a l 
nucleus is  oval and  has  a  consp icuous nucleo lus and  fine , even ly  
d is p e rs e d  ch ro m a tin  p a r t ic le s .
F ig . 4. A fte r  the in jec tio n  of 0 .00043 jug.  of p ro g e s te ro n e  
in to  the lu m en  of the u te r in e  seg m en t. A  c h a ra c te r is t ic  s tro m a l 
n u cleu s is  lik ew ise  oval and h as  a  consp icuous n ucleo lus and  fine , 
ev en ly  d is p e rs e d  ch ro m a tin  p a r t ic le s .
F ig . 5. A fte r  in jec tio n  of se sa m e  o il a lo n e . The s tro m a l 
n u c le i a re  sp in d le -sh a p e d  and have la r g e ,  i r r e g u la r ly  sp aced  c h ro ­
m a tin  p a r t ic le s .  T h e re  is  no d is tin c t n u c leo lu s.
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F r e e  P la sm a  P ro g e s tin  L e v e ls  D uring  P re -o v u la to ry  E s t ru s
la  the  p re s e n t  in v estig a tio n  the  h ig h es t co n c en tra tio n  of p r o ­
g e s tin  w as d e tec ted  du ring  p re -o v u la to ry  e s tr u s .  T h is is  n o t s u r p r i s ­
ing in  v iew  of the  g e n e ra lly  accep ted  ab sen ce  of a  d is tin c t lu te a l  phase 
in  the e s tro u s  cycle in  the h a m s te r .  A ll p re -o v u la to ry  e s tr u s  sam p les  
of o r ig in a l co n cen tra tio n  ( IX) and above co n s is ten tly  e lic ite d  p o s itiv e  
a s sa y  re sp o n se s  (T ab le  II), in d ica tin g  the p re se n c e  of 0 .3  ug . of p r o ­
g es tin  p e r  cc . of p la sm a . W hile m o s t sam p les  d ilu ted  two o r  m o re  
tim e s  gave negative re sp o n se s  (T able II), one sam p le  p re p a re d  a t  4D 
evoked a  p o sitiv e  re sp o n se  and one sam ple  p re p a re d  a t 3D.gave a  
questionab ly  p o sitiv e  re sp o n s e . A  ran g e  of 0. 3 to  1. 2 yug. of p ro g e s tin  
p e r  cc . of p la sm a , th e re fo re ,  was d e tec ted  a t e s t r u s .  In v iew  of the 
negative  re sp o n se s  e lic i te d  b y  sam p les  p re p a re d  a t 2D, 4D , 5D, 8D, 
and  10D, 0. 3 ug. of p ro g e s tin  p e r  cc . o f p la sm a  ap p ea rs  to  be the 
h ig h es t co n cen tra tio n  th a t  can  be re g u la r ly  d e tec ted  a t  e a r ly  p r e ­
o v u la to ry  e s t r u s .  T h is  ran g e  a lm o s t co inc ides w ith the ran g e  re p o r te d  
fo r  the ra b b it  and  the ewe du ring  e s t r u s .  The p eak  of co n cen tra tio n  of 
p ro g e s tin  in  the b lood of the ra b b it  is a tta in ed  s e v e ra l  h o u rs  a f te r  
m ating , bu t p r io r  to  ovulation  (F o rb e s , 1953). T his is  p ro b ab ly  tru e  
a lso  fo r the h a m s te r .  A  fu r th e r  study  o f p ro g e s tin  le v e ls  a t  s u c c e s ­
sive in te rv a ls  du ring  the e n tire  p re -o v u la to ry  p e r io d  should  be u n d e r­
taken .
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The neg a tiv e  a s s a y  re sp o n se  of th e  one p la sm a  sam ple  and  
th e  one d ilu tio n  th e re o f  (T ab le ll) , r e q u ire s  exp lanation . In s te a d  of 
being  r e f r ig e ra te d  a t  -2 0 ° C un til u se ! the sam ple  w as k ep t a t  3°C 
o v ern ig h t. It h a s  b een  shown th a t incubation  of s e ru m  w ith an  o rig in a l 
c o n cen tra tio n  of 6 f ig.  of p ro g e s tin  p e r  c c . fo r  two h o u rs  a t  37°G w ill 
cau se  a  lo s s  o f 17 p e r  cen t of the a c tiv ity , w h ereas  incubation  fo r  4 
h o u rs  a t  37°C w ill cau se  a  lo s s  of 97 p e r  cen t of the a c tiv ity  (Z a rro w  
e t  aL ., 1954). W hether the negative  re sp o n se  was due to  the fa u lty  
techn ique  in  r e f r ig e ra tio n  of the sam ple  w hich allow ed in ac tiv a tio n  of 
th e  p ro g e s tin , o r  w hether the  sam p le  m e re ly  con tained  le s s  th an  0. 3 
yng. of p ro g e s tin  p e r  c c . is  p ro b le m a tic a l. The la t t e r  exp lanation  
seem s m o re  lik e ly  in  v iew  o f the s h o r t  in te rv a l of tim e  the sam ple  
w as k ep t a t  a  r e la t iv e ly  low  te m p e ra tu re .
F re e  P la sm a  P ro g e s tin  in  D ie s tru s
F re e  p ro g e s tin  was p re s e n t  in  low  co n cen tra tio n s  in  the 
p la sm a  o f  the h a m s te r  24 h o u rs  p o s t- e s t r u s .  A ll sam p les  co n cen ­
tr a te d  10 tim es  o r  m o re  c o n s is ten tly  evoked positive  re sp o n s e s , 
w h e reas  sa m p le s  p re p a re d  a t  le s s  than  10 tim e s  co n cen tra tio n  fa ile d  
to  e l ic i t  p o s itiv e  re sp o n se s  when a s sa y e d  (T ab le  HI). The m axim um  
p ro g e s tin  con ten t d e tec ted  a t  e a r ly  d ie s tru s  w as 0 .0 3 ^ug. p e r  cc . of 
p la sm a . F ro m  th ese  r e s u l ts  i t  a p p e a rs  th a t the le v e l of f re e  p r o ­
g e s tin  in  the  p la sm a  d e c re a se d  during  the 24 p o s t- e s tru a l  h o u rs  to
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Table HI. A ssa y  re sp o n se s  e lic ite d  b y  p ro g e s tin  sam p les  of vary ing  
co n cen tra tio n s  p re p a re d  f ro m  e a r ly  d ie s tru a l  blood.
C oncen tra tion  I. D . * A ssa y  H our Sam ple N um bers of
(X)___________________ R esp o n ses^  T aken (P . M .) D onors^
15X 16 8:30-8:45 176; 191; 193
12X 17 u m i u 8:00-9:00 120;134; 141
12X 16 / / / / / / 8 :00-9:00 120;134; 141
11X 16 / / - - 8:25 214
10X 16 U U I — 8:55 204
10X 16 / — 9:05-9 :20 162;182
9X 16 / ............... 8 :30-8:45 144; 172
9X 16 9:00-9 :15 157; 175
8X 16 8:30-8:45 149;160
6X 16 9:05 221
6X 16 8:50 199
6X 16 8:30-8:45 149;160
4X 16 8:00-8:15 148;151
3X 16 7:20-7:35  . 165;182
2X 16 ------- 8:00-8:15 148;151
IX 16 ------- 8:00-8:15 148;151
1. See ex p lan a to ry  note 1, T ab le  I.
2 . See ex p lan a to ry  note 2, T ab le  I.
3. B lood pooled  to p re p a re  sam p le .
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l e s s  than  o n e -ten th  the p re -o v u la to ry  le v e l (F ig . 6). The m ax im um  
p ro g e s tin  con ten t a t  m id -d ie s tru s  in  the an im als  te s te d  w as lik ew ise
0. OSjag.  p e r  c c . of p la sm a . S am ples c o n ce n tra te d  10 tim e s  o r 
m o re  c o n s is te n tly  gave p o sitiv e  re sp o n s e s , w h ereas  sam p les  con ­
c e n tra te d  le s s  th an  10 tim e s  gave negative  re sp o n se s  (T ab le  IV).
The am ount of f re e  p ro g e s tin  a t  m id -d ie s tru s  is  thus ap p ro x im a te ly  
th e  sam e as  the am ount found du ring  e a r ly  d ie s tru s ,  bu t le s s  than  
o n e -ten th  as  m uch as  th a t found in  e s t r u s .  A ssay s  on sam p les  tak en  
a p p ro x im a te ly  72 h o u rs  p o s t- e s tru s  continue to show  the p re se n c e  
of p ro g e s tin  (T ab le  V). The m ax im um  p ro g e s tin  con ten t d e tec ted  
du ring  la te  d ie s tru s  w as 0 .0 3  p.%. p e r  cc . of p la sm a . T h is is  a p ­
p ro x im a te ly  equal to  the am ount d e tec ted  a t  e a r ly  d ie s tru s  and m id -  
d ie s tru s .  T h e re  ap p ea rs  to  be no s ig n ifican t r is e  o r fa ll  in  the am ount 
of f re e  p ro g e s tin  in  p la sm a  during  the d ie s tru a l  p h ases  of the cycle .
C yclic  V aria tio n s  in  L e v e ls  of F re e  P ro g e s tin
F re e  p ro g e s tin  w as found to  be p re s e n t  in  v a ry in g  co n cen ­
tra tio n s  du ring  the e n tire  e s tro u s  cy c le . The am ount of f re e  p r o ­
g e s tin  d e tec ted  during  v a rio u s  p h ases  of the e s tro u s  cycle is  
p re se n te d  g ra p h ica lly  (F ig . 6). The su c c e ss iv e  p ro g e s tin  c o n c e n tra ­
tio n s  d e tec ted  a t  e s t r u s ,  e a r ly  d ie s tru s ,  m id -d ie s tru s ,  and  la te  
d ie s tru s  a re  connected  b y  s tra ig h t lin e s  to  a id  v isu a liza tio n , b u t th is
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T able IV. A ssa y  re sp o n s e s  e lic i te d  b y  p ro g e s tin  sam p les  of vary ing  
co n cen tra tio n s  p re p a re d  fro m  m id -d ie s tru a l  blood.
C o n cen tra tio n  I .D . * A s sa y  H our S am ples N u m b ers  of 
(X)____________________R esp o n ses^  T aken (P. M .) D onors^
24X 16 m m 8:40-8:55 224;226
20X 16 m m m t
m m
7:30-7:45 187; 188; 189
17X 16 m - 8:55-9:05 235;239
13X 16 / / / - - - 7:25-7:40 233; 198
10X 16 m m — 8:40-8:55 121;142; 152
10X 16 9:22 -9 :34 181; 185
9X 16 — 8:55-9:05 183;184
8X 16 7:30-7:45 178;179
5X 17 8:10-8:25 150;163
5X 16 8:10-8:25 150;163
1. See e x p la n a to ry  note 1, T able I.
2. See ex p lan a to ry  note 2, Table I.
3. B lood pooled  to  p re p a re  sam p le .
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Table. V. A s sa y  re sp o n se s  e lic ite d  by p ro g e s tin  sam p les  of vary ing  
c o n cen tra tio n s  p re p a re d  fro m  la te  d ie s tru a l  blood.
C o n cen tra tio n  I. D. * A ssa y  H our Sam ple N um bers of 
 (X)____________'______R esp o n ses^  Taken (P .M .)_____ D o n o rs3
25X 16 / / / / - - 7:10-7:35 209*234
20X 16 U H h 7:25-7:40 238;236
17X 16 ^ / / / / / / / / / 7 :30-7:45 207; 240
14X 16 m n m i - 8:30-8:45 230;231
12X 16 8:25 229
11X 16 8:40-8:55 142;171
10X 16 u ............. 7:50-8:05 139;143
8X 16 7:40-7:55 173;177
5X 16 / .................... 8:00-8:15 166; 170
2X 16 — 7:50-8:05 139;143
IX 16 7:50-8:05 139;143
IX 16 — 8:40-8:55 147;171
1. See ex p lan a to ry  note 1, Table I.
2 . See ex p lan a to ry  note 2, Table I.
3. B lood pooled to p re p a re  sam p le .
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is  n o t to  im p ly  th a t  p lo ts  of sam p les  tak en  a t  in te rm e d ia te  p e rio d s  
•would n e c e s s a r i ly  coincide w ith  th e se  l in e s .  The m ax im um  co n ­
c e n tra tio n  of f re e  p ro g e s tin  d e tec ted  during  the cy c le , 1 .2 ^ug. p e r  
cc . of p la sm a , w as found a t e s t r u s .  H ow ever, if  add itional sam p les  
had  b een  tak en  n e a r e r  the tim e  of ovulation , the p eak  of p ro g e s tin  
co n cen tra tio n  w ould p e rh ap s  be betw een  e s tru s  and  e a r ly  d ie s tru s .  
The co n cen tra tio n  24 h o u rs  p o s t- e s tru s  d ropped  to  le s s  than a  te n th  
the co n cen tra tio n  during  e s tru s  and was m a in ta in ed  a t  th is  le v e l fo r 
ap p ro x im a te ly  48 h o u rs  (F ig . 6).
B y  extending  the g rap h  to  include th re e  e s tro u s  c y c le s , 
( in se t F ig . 6), th e re  is  seen  to  be a  cy c lic  v a r ia tio n  in  the co n cen ­
tra t io n  of p ro g e s tin  in  the  p la sm a  of the h a m s te r  during  the cy c le .
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E = ESTR U S  
0  = D IESTRUS
0.3
THREE ESTROUS CYCLES
0.2
0.1
0
ESTRUS EARLY DIESTRUS MID D IESTR U S LA TE  O IESTRUS
PHASES OF THE ESTROUS CYCLE
F ig . 6. Concentration, of p ro g e s tin  in  the b lood p la sm a  of the 
h a m s te r  during  v a rio u s  p h a se s  of the e s tro u s  cycle . In se t: C yclic 
v a r ia tio n  of the le v e l of p ro g e s tin  during  th re e  e s tro u s  cy c le s .
DISCUSSION
Since m o st ch em ica l tests , have fa ile d  to d e tec t p ro g e s te ro n e  
in  the p e r ip h e ra l  blood of p reg n an t w om en (H ask in s , 1950, using  
u ltra v io le t  sp ec tro sco p y ; B u tt, e t  a l . , 1951, u s in g  po larograph ic . 
m ethod), and in  non p reg n a n t cow s, m a r e s ,  ew es and  sows (E d g a r, 
1953, using  a  ch em ica l assay ); and  s in ce  the H o o k e r-F o rb es  b io -  
a s s a y  h as  d e tec ted  p ro g e s te ro n e  in  the  b lood  of a  p reg n an t w om an 
(H ooker and  F o rb e s , 1949a), in  p reg n an t w om en and m onkeys 
(F o rb e s , 1951), in the b lood of the m e n s tru a l cycle  of the m onkey 
(F o rb e s , _et a l. , 1950a; B ry a n s , 1951), and  in  the b lood  of the p r e g ­
n a n t and m onpregnan t ewe (N eher and Z a rro w , 1950, 1954), the q u e s ­
tio n  p re se n ts  i ts e lf  as  to  w hether the H o o k e r-F o rb e s  b io -a s s a y  
should  be re g a rd e d  as  sp ec ific  fo r p ro g e s te ro n e , o r fo r  p ro g e s tin s . 
V ery  re c e n tly  Z ander (1954), u sing  p h y s ic o -c h e m ic a l p ro c e d u re s , 
d e tec ted  p ro g este ro n e  in  sam p les  p re p a re d  fro m  p e r ip h e ra l  b lood of 
p reg n a n t w om en. It a p p e a rs  th a t  the H o o k e r-F o rb e s  b io -a s s a y  
r e lia b ly  d e te rm in e s  p ro g e s te ro n e  w hen p re s e n t ,  b u t m ay  a lso  dem on­
s tr a te  le v e ls  of p ro g es te ro n e  h ig h er th an  those  w hich can  be d e tec ted  
b y  o th e r m ethods ap p a ren tly  se n s itiv e  enough to  do so .
I t is  quite p o ss ib le  th a t  th e re  is  a  c irc u la tin g  ho rm one in  
add ition  to  p ro g e s te ro n e  which is  d e tec ted  b y  the H o o k e r-F o rb es
-35-
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b io -a s s a y , b u t w hich  is  u n d e tec ted  b y  o th er m ethods u tiliz e d . This 
cou ld  esqalain the d isc re p a n c y  in  b io lo g ica l and  ch em ica l find ings.
In view  of th is  p o s s ib ili ty , the p ro g e s te ro n e  lik e  ac tiv ity  of the b lood 
m e a s u re d  b y  the H o o k e r-F o rb e s  b io -a s s a y , and  w hich is  s tan d a rd iz ed  
a g a in s t p ro g e s te ro n e , should  p ro b ab ly  be esq>ressed as  p ro g es tin s  
b a se d  on eq u iv a len ts  of p ro g e s te ro n e . Such a  te rm in o lo g y  is  co m ­
m on ly  em ployed when e x p re ss in g  e s tro g e n  co n cen tra tio n s  in  blood.
In v iew  of the fo reg o in g  c o n s id e ra tio n s , one cannot contend 
th a t the d a ta  p re se n te d  h e re in  a re  q u an tita tiv e ly  ex ac t. On the o th er 
hand, i t  seem s re a so n a b ly  c e r ta in  th a t th ey  do ind ica te  the n a tu re  of 
the g e n e ra l fluc tua tions in  co n cen tra tio n  of p ro g e s tin s  in  the p la sm a  
during  the e s tro u s  cycle .
The p re se n c e  of p ro g e s tin  in  am ounts of the m agnitude of
0. 3yug. p e r  cc . of p la sm a  du ring  the p re -o v u la to ry  p hase  of the 
cycle  is  n o t s u rp r is in g , a s  c o n s id e rab le  ev idence fo r  i ts  ap p earan ce  
p rev io u s  to  ovulation  has b een  g a th e re d  fo r s e v e ra l  sp ec ie s  of 
m am m als  (su m m a riz e d  on pages 3 and  4). T here  is  re la tiv e ly  l i t t le  
a n a to m ica l ev idence of su ch  p re -o v u la to ry  s e c re tio n , how ever. I t 
m ay  be th a t c e lls  s c a t te re d  in the w alls of the fo llic le  assu m e  a  
lu te a l function . C hanges have b een  re p o r te d  in the w alls of u n ru p ­
tu re d  fo llic le s  in  the la te  p re -o v u la to ry  s tage  (su m m a riz e d  on page 3).
No d e ta ile d  h is to lo g ica l d e sc rip tio n  of the grow th  and 
ru p tu re  of the fo llic le  in  the h a m s te r  h as  b een  found in  the l i te r a tu r e .
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A ccord ing  to  D ean sley  (1938), the c o rp o ra  lu te a  of ovulation  of the 
h a m s te r  develop v e ry  rap id ly , and  g e n e ra lly  d isap p e a r  b e fo re  the 
end  of the follow ing cycle . He fu r th e r  s ta te s  th a t  the c o rp o ra  lu te a  
m u s t be fu n c tio n le ss , s ince  the  changes in  the a c c e s s o ry  o rg an s  
a s so c ia te d  w ith  the lu te a l phase  of the cycle  a re  found only  in  
p seud o p reg n an cy  and p reg n an cy . The p re se n c e  of 0. 03yig. of p ro ­
g e s tin  p e r  c c . p la sm a  during  e a r ly  d ie s tru s ,  m id -d ie s tru s ,  and  la te  
d ie s tru s ,  a s  d e te rm in e d  in  the p re s e n t  in v estig a tio n , p o ses  a  q u es­
tio n  concern ing  the so u rce  of th is  p ro g eb tin , and  concern ing  the 
th re sh o ld  am ount of p ro g e s tin  n e c e s s a ry  to evoke p ro g e s ta tio n a l 
changes in the  rep ro d u c tiv e  t r a c t .  H ow ever, in  v iew  of the w ork  
of Z a rro w , e t  a l . , (1954), who r e p o r t  a  90 p e r  cen t d ec re m e n t of 
.in trav en o u sly  in jec ted  p ro g e s te ro n e  w ith in  te n  m in u te s , and of 
H ask ins (1950), who re p o r ts  a  60 p e r  cen t lo s s  of in trav en o u sly  
in jec ted  p ro g es te ro n e  in  th ir ty  m in u te s , i t  is  d ifficu lt to  reco n c ile  
even  0. 03 jag. of p ro g e s tin  p e r  cc . of p la sm a  a t  48 to  72 h o u rs  fo llow ­
ing a  p roduction  p e rio d  l im ite d  to n e a r  the tim e  of ovulation . On the 
o th e r hand, the d e tec tion  of p ro g e s te ro n e  in  the b lood of a  vein  
d ra in in g  one o v a ry  of a  p reg n an t ewe contain ing  two m a tu re  G raa fian  
fo llic le s  and no co rpus lu teum , and  the  fa ilu re  to  find p ro g e s te ro n e  
in  the g e n e ra l c ircu la tio n  of th a t an im al (E d g a r, 1953), su g g ests  the 
s e c re tio n  of p ro g es te ro n e  b y  w ell-developed  G raa fian  fo llic le s
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p re s e n t  during  p reg n an cy . Two m a tu re  fo llic le s  of the  ewe p ro d u ced  
enough p ro g e s te ro n e  to  give a  co n cen tra tio n  of 1 yug. of p r o g e s te r ­
one p e r  cc . of b lood  leav in g  th a t  o v a ry . Could s ix  to  fo u rteen  
fo ll ic le s , l e s s  m a tu re , p roduce enough p ro g e s tin  to  give a  co n cen ­
t ra tio n  of 0. 03 ug . p ro g e s tin  p e r  c c . p la sm a  in  the h a m s te r?
W hether the co rp u s lu te u m  of ovu la tion  is  functional is  s t i l l  
p ro b le m a tic a l. The p re se n c e  o f a p p ro x im a te ly  0. 03yug. of p ro g e s tin  
p e r  cc . of p la sm a  during  the e n tire  d ie s tru a l  p hase  of the cycle  is  
e a s i ly  exp la inab le  on the a ssu m p tio n  th a t the co rp u s lu teu m  of o v u la ­
tion. is  p roducing  a  sm a ll quan tity  of p ro g es tin . T his am ount could 
be a ssu m ed  to  be below  the th re sh o ld  co n cen tra tio n  n e c e s s a ry  to  
m ain ta in  h  p ro g e s ta tio n a l condition  in  the a c c e s s o ry  rep ro d u c tiv e  
o rg a n s .
P ro d u c tio n  of p ro g e s te ro n e  b y  the a d re n a l glands w as dem on­
s tr a te d  by  B ea ll and  R e ic h s te in  (1938), when th ey  e x tra c te d  p ro g e s ­
te ro n e  f ro m  the a d re n a ls  of oxen. A  rev ie w  of the ex p e rim en ts  
ind ica ting  p ro d u c tio n  of p ro g e s te ro n e  b y  the a d re n a ls  h as  b een  p r e ­
se n te d  b y  B u rro w s (1950). R ecen tly , i t  h as  b een  shown th a t co n cen ­
tra t io n s  of p ro g e s tin s  co m p arab le  to  the 0. 03yug. of p ro g e s tin  p e r  
c c . of p la sm a  h e re in  found du rin g  the  d ie s tru a l  p h ases  of the h a m s te r  
cycle  a re  found in  the m a le , and  th is  p ro g e s tin  h as  b een  id en tified  as  
com ing f ro m  the a d re n a l g land (L azo -W asem , e t  a l. , 1954). The
39
a d re n a l g land  has  b een  su g g ested  lik ew ise  a s  the so u rce  of p ro g e s tin  
during  the p u e rp e riu m  of the ra b b it  (Z a r ro w  and N eh e r, 1955). The 
g e n e ra l absence of p ro g e s tin  in  the b lood  of c a s tra te d  an im als  an d  in  
n o rm a l an im als  du ring  m e n s tru a tio n  in d ic a te s  th a t an  e x tra -o v a r ia n  
so u rce  does no t co n trib u te  ap p rec ia b ly  to  th e  to ta l c irc u la tin g  p r o ­
g e s tin . N e v e r th e le ss , the a d re n a ls  cannot be excluded  as  a  p o ssib le  
so u rce  fo r  the sm a ll am ount of p ro g e s tin  d e te c te d  du ring  the  d ie s tru a l  
p hase  of the cycle in  the h a m s te r ,  n o r  can  the  a d re n a ls  be excluded  as  
a  so u rce  of a  p o rtio n  of the am ount d e tec ted  a t  e s tru s .
C o m p ariso n  of the am ounts of p ro g e s tin  p re s e n t  in  the 
b lood  du ring  e s tru s  in  v a rio u s  sp e c ie s  re v e a ls  th a t the co n cen tra tio n s  
m ay  v a ry  c o n s id e rab ly . The h ig h es t co n cen tra tio n  r e p o r te d  thus fa r  
is  5 ug. of p ro g e s te ro n e  p e r  cc . of p la sm a  a t  the tim e  of im p reg n a tio n  
in  the m ouse (F o rb e s , 1948). Z a rro w  and N eher (1955) re p o r te d  a t 
the tim e  of m ating  in  the ra b b it  a  ran g e  of 0. 3 to 1 .0  /ug. of p ro g e s tin  
p e r  cc . of s e ru m . N eher and Z a r ro w  (1950, 1954) re p o r te d  a  ran g e  
of 0. 3 to  2 /ug. of p ro g e s tin  p e r  cc . o f s e ru m  in  the ew e. In the 
h a m s te r  a t  e s t r u s ,  as  h e re in  re p o r te d , 0 .3  to  1 .2 yug. of p ro g e s tin  
p e r  c c . of p la sm a  h as  b een  d e tec ted . It is  quite p o ss ib le  th a t, if 
sam p les  h ad  b een  tak en  n e a re r  the tim e  of ovu lation , s lig h tly  h ig h er 
co n cen tra tio n s  of p ro g e s tin  would have been  found. Why the co n cen ­
tra tio n  in  the m ouse should  be tw ice a s  h ig h  a s  the co n ceh tra tio n  in
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o th e r fo rm s  te s te d  is  p ro b le m a tic . C ould  the p re se n c e  of th re e  
c le a r ly  d isc e rn ib le  s e ts  of c o rp o ra  lu te a  in  the spon taneously  ovu­
la tin g  m ouse  (A llen , 1922) be re sp o n s ib le  fo r  the h ig h er le v e l of 
p ro g e s tin  s e c re tio n ?  The exh ib ition  in  the m ouse of th re e  s e ts  of 
c o rp o ra  lu te a  a t e s tru s  is  in  c o n tra s t  to  the condition in  the 
h a m s te r ,  in  w hich th e re  is  no accu m u la tio n  of c o rp o ra  lu te a .
SUMMARY
1. F re e  p ro g e s tin  le v e ls  in  the blood p la sm a  of th e  golden h a m s te r  
w ere d e te rm in e d  a t  v a rio u s  p h ases  of the  e s tro u s  cycle  by  the 
H o o k e r-F o rb es  b io -a s  say .
2. The d a ta  p re se n te d  a re  b a se d  on the a s s a y  re sp o n se s  of 540 u te r in e  
te s t  se g m e n ts .
3. E ig h ty -e ig h t n o rm a l, cy c lic  h a m s te rs  s e rv e d  a s  b lood do n o rs.
4 . A ssay s  w ere  conducted  on o il sam p les  p re p a re d  fro m  ace to n e - 
e th e r  e x tra c ts  of b lood  draw n during  p re -o v u la to ry  e s tr u s ,  e a r ly  
d ie s tru s , m id -d ie s tru s ,  and  la te  d ie s tru s .
. 5. F re e  p ro g e s tin  was p re s e n t  in  de tec tab le  q u an tities  th roughou t 
the e s tro u s  cycle . C o ncen tra tions of 0. 3 to  l f 2 /ig . of p ro g e s tin  
p e r  c c . of p la sm a  w ere  d e tec ted  a t-p re -o v u la to ry  e s t r u s .  D uring  
the 24 p o s t- e s tru a l  h o u rs  th is  le v e l d ropped  to  0. 03 f i g .  of p r o ­
g es tin  p e r  c c . of p la sm a . A  co n cen tra tio n  of 0. 0 3 /ig . of p r o ­
g e s tin  p e r  c c . of p la sm a  w as d e tec ted  during  m id -d ie s tru s  and  
la te  d ie s tru s .
6. If the co rp u s  lu teum  of the d ie s tru a l  in te rv a l is  functional, i t  is  
c e r ta in ly  functional a t  a  low  le v e l of a c tiv ity .
7. The so u rce  o f the p la sm a  p ro g e s tin  p re s e n t  du ring  p re -o v u la to ry  
e s tru s  and during  the d iestrv ial p h ases  of the cycle  re q u ire s  
fu r th e r  in v estig a tio n .
-41-
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